DRIVE MECHANISM AMD MOVABI.E TABLE UMIT 
PROVIDED WITH THE SAME 



CROSS-REFERENCE TO REIATED APPLICATIONS 

The present application claims priority upon Japanese 
patent Application No. 2002-309760 filed on October 24, 
2002, and Japanese Patent Application No. 2003-349888 filed 
on October 8, 2003, which are herein incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

yield of the Inv ention 

The present invention relates to a drive mechanism 
interposed between two member guides for linear movement 
relative to each other to move the two members relative to 
each other, and a movable table unit provided with the 
drive mechanism. 

n^fir-rlntio n of the i»«^lated Art 

A movable table unit applied to a machine tool, such 
as a machining center, will be described with reference to 
Figs. 20 and 21. Fig. 20 is a front elevation of a movable 
table unit 7 used in a machine tool, and Fig. 21 is a 
sectional view taken on line XXI-XXI in Fig. 20. The 
movable table unit 7 includes a table 3 that is for 
supporting a workpiece and that is mounted on a base 1 
fixedly installed on the floor, and linear guide members 5 
) extended on the base 1 to guide the table 3 for linear 
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movement on the base 1. Generally, a drive mechanism 
including a rack 101 and a pinion 103 or a drive mechanism 
using a ball screw is used for moving the table 3. 

Referring to Figs. 20 and 21, a drive mechanism 
includes a rack 101 fixed to the top surface of the base 1, 
and a pinion 103 rotatably supported on the table 3 and 
engaged with the rack 101. The pinion 103 is driven to 
rotate by a motor 105 and the like, and the teeth provided 
on the circumference of the pinion 103 are meshed with the 
linear teeth of the rack 101. According to this structure, 
the table 3 is made to move linearly. (Refer to, for 
example, "Kikai Kogaku Binran, New Edition", The Japan 
society of Mechanical Engineers, Bl-108, May 15, 1988.) The 
drive mechanism transmits force through the engagement of 
the teeth of the rack and the pinion. Therefore, a stress 
path, i.e., a path of force transmission from the table 3 
to the base 1, is short and, hence the rigidity of the 
drive mechanism is high; that is, the force transmission 
path does not extend over the entire length of the rack 1, 
20 and the drive mechanism has high-rigidity. 

Another drive mechanism will be described with 
reference to Figs. 22 and 23. 

Fig. 22 is a side elevation of a drive mechanism 
including a ball screw, and Fig. 23 is a partly cutaway 
25 perspective view of the drive mechanism shown in Fig. 22. 
The drive mechanism includes a threaded rod 111 having 
axially opposite end journals 111a and 111b supported by 
bearings. on a base 1, and a threaded nut 113 fastened to a 
table 3 and engaged with the threaded rod 111. The threaded 
30 nut 113 moves together with the table 3 along the threaded 
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rod 111 when the threaded rod 111 rotates. As shovm ±n Fig. 
23, the threaded rod 111 is linked to the nut 113 by a 
plurality of balls 115 constrained in the space formed by 
helical grooves formed in the peripheral surface of the 
threaded rod 111 and the inner peripheral surface of the 
threaded nut 113. When the threaded rod 111 is driven for 
rotation, the balls 115 roll while bearing axial load, and 
the nut 113 is moved axially to move the table 3 linearly 
relative to the base 1. (Refer to, for example, "Kikai 
Kogaku Binran, New Edition", The Japan Society of 
Mechanical Engineers, B2-173, Sept. 30, 1991.) In this 
drive mechanism, backlash between the threaded rod 111 and 
the threaded nut 113 can be reduced by axially pressurizing 
the balls 115 in advance to prevent play between the 
threaded rod 111 and the threaded nut 113. Therefore, the 
drive mechanism is able to position the table 3 accurately. 

Those known drive mechanisms, however, have the 
following common problems. 

(1) The stroke of the drive mechanism for the table 3 
cannot easily be changed. The stroke for the table 3 moved 
by the former drive mechanism is dependent on the length of 
the rack 101, and that of the stroke for the table 3 moved 
by the latter drive mechanism is dependent on the length of 
the threaded rod 111. Thus, the stroke of the table 3 
cannot easily be changed after the installation of the 
drive mechanism. 

(2) The rack 101 needs to be replaced with a new one 
when a part of the teeth of the rack 101 is broken, and the 
threaded shaft 111 needs to be replaced with a new one when 
part of the thread of the threaded rod 111 is broken. 
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..e.e«o.. «>e3e a...e ^c.a„is»s «e poo. .n 
.oUo»in, inaivxaoax P^^^ is 

mating teeth of the rack ^^^^ 
..e hacKlash causes pla, ^^"^ 
■ -on 103 and hence the former drive 
p^xon 103, a mechanism in accuracy of 

inferior to the latter ^ ^^^^ 
positionin, the ta.le 3. S^ce ^ 
and the Pliaon 103 are xn 'l-*-' 

../.r the teeth are liable to 
.ollin, conta^, - ^ „„.tisfactory in 

"^■^""^r ifrso una^le to operate ^i.tl, at high 

j durability, and is ais 

operating speeds. ^ mechanism is superior 

,2) Although the latter 

r,oQitioning accuracy, tne ST;re» f 
to the former - P"""""; ' « the stroke 

the table 3 to the base 1 ehang ,„„3mitted 
1 &s shovm in Fig. 22, force 
,0 -"--^^^J- , ,^ough the threaded nut U3, 

the table 3 to the ^^^^ ^^^^^^^^ 

tte threaded rod lU in eng ^^^^^ 
U3, and the end journals 111a and Ulb J ^ 

... stress path is ---^ ^.^^.m has a 

^111 Therefore, if t"® ^'-^ 
25 threaded rod lU. ^h rigidity of 

long strolce, the stress path xs long 
the drive mechanism is very low. 

amMKt OF THE IHVEHTION 



30 



10 



p«Bent invention has been ..de in view of those 
p.o.Xe«s Itipnea e^ve an. it is therefore an o.,e=t o 
proDJ-ems ui mechanism in which 

oresent invention to provide a drive mec 
"e Of relative »>ve^nt can readU, .e chan,ea. 

It has substantially constant rigidity regardless of the 
d that is satisfactory in «aintainabxlity, 
stroke, and that is 

a.ra.iXity, and quietness, and to provide ^ ^^Xe 

using the drive .echanis.. -other o.,ect of the presen 

. •« 1:0 further provide a drive mechanism that is 
invention is to further p ^^^^ 

capable of suppressing play due to 

i-o orovide a movable taoie 
high positioning accuracy, and to provi 

unit using the drive mechanism. 

aspect of the present invention ^ 
.echanTsm ilrposed between two members to maKe t^ two 
o relatively with respect to each other, at 
n^embers move relatively linearly 

i-ho two members being guidea to 
least one of the two m mechanism 
in a linear moving direction. 

comprises: a plurality of rolling cam followers that 
comprises, a p „^ the two members, that are 

.otatahly supported on one °* J ,,,, 
J 4« linear moving direction/ 

0 arranged m ^^^^^ ^ that is rotatably 

spaced from each other, and ^^^^ 
supported on the other one of the t,«> ^^^^^ 

•^ort in its circumference with a cam groo 
provided m i-ts rotation axis of the 

TUnn cam followers engage, tne 
the rolling cam xoi - „f the linear moving 

,S ca. hein, arranged in the "^^f J^,, 

direction, wherein the ^^ ^J Z..... the ca. to 
.elatively with respect^o e^ other ^^^^^^ 

r-oi-ate and making the roiling ^ . „f 

rotate ana direction of 

successively in the cam groove and move 

30 the rotation axis. 
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Features and objects of the present invention other 
than the above will become clear by reading the description 
of the present specification with reference to the 
accompanying drawings. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and the advantages thereof, reference is now made 
10 to the following description taken in conjunction with the 
accompanying drawings. 

Fig. 1 is a front view of a drive mechanism in a 
first embodiment according to the present invention; 

Fig. 2 is a bottom view of the drive mechanism shown 

15 in Fig. 1; 

Figs. 3A and 3B are sectional views taken on line 
III^III in Fig. 1 showing the drive mechanism moving a 

moving member; 

Figs. 4A and 4B are sectional views of a drive 
20 mechanism in a second embodiment according to the present 
invention showing the drive mechanism moving the moving 
member; 

Fig. 5 is a view of a part V in Fig. 4B; 
Figs. 6A and 6B are diagrammatic views of assistance 
25 in concretely explaining the drive mechanism in the second 
embodiment ; 

Figs. 7A to 7D are diagrammatic views of assistance 
in concretely explaining the drive mechanism in the second 
embodiment ; 

30 Fig. 8 is a fragmentary view of a drive mechanism in 



a modification of the drive meohanie. in the second 

embodimen't; 

Fig. 9 is an enlarged view of a part IX in Pig. 8, 
^i,. 10 is a front elevation of a drive mechanls- in 
a third embodl^nt according to the present invention, 

Fig 11 is a front elevation of a drive -echanls-a rn 
a third embodiment according to the present invention, 

Fi, 12 IS a development of a cylindrioal cam 
included in the drive mechanism in the third embodiment 
according to the present Invention, 

Figs. UA and X3B are sectional views taken on ime 
A.A and line B-B, respectively, in Fig. 12, 

Fig 14 IB ^ devel<v»ent of a cylindrical cam 
included in the drive mechanism in the third embodiment of 

the present invention; 

Figs. 15A and 15B are sectional views taken on Irne 

A-A and line B-B, respectively in Fig. 14, 

Fig. 16 is a plan view of a movable table unxt 
including a drive mechanism according to the present 

[) invention; 

Fig. 17 is a front elevation of the table unit shown 

in Fig. 16? 4« 
Fig 18 is a front elevation of a drive mechanrsm xn 

a modification of the drive mechanism in the frrst 

>5 embodiment; 

Fig. 19 is a sectional view of a drive mechanism xn a 

. ^- r.f the drive mechanism in the first 

modification of the arxvc 

embodiment; , , • 

Fig. 20 is a front elevation of a conventional drive 

30 mechanism; 



Fig. 21 is a sectional view taken on line XXI-XXI in 
Fig. 20; 

Fig. 22 is a side elevation of another conventional 

drive mechanism? 

Fig. 23 is a partly cutaway perspective view of the 

drive mechanism shown in Fig. 22? 

Fig. 24 is a perspective view showing an outline of 

an XYZ table 100; 

Fig. 25 is a plan view of an application example 1 of 
a conveyance line applying the drive mechanism according to 

the present invention; 

Fig. 26 is a sectional view along A-A of Fig. 25; 
Fig. 27 is a plan view of an application example 2 
applying the drive mechanism according to the present 

invention; 

Fig. 28 is a front view (partly a sectional view) of 
Fig. 27; 

Fig. 29 is a plan view of an application example 3 
applying the drive mechanism according to the present 
invention? 

Fig. 30 is a view showing a rotating table 150 in a 

rotated state; 

Fig. 31 is a front view of an application example 4 

applying the drive mechanism according to the present 
j invention; 

Fig. 32 is a top view of an application example 4 

applying the drive mechanism according to the present 
invention ; 

Fig. 33 is a front view of an application example 5 

0 applying the drive mechanism according to the present 



invention; 

Fig. 34 is a front view of an application example 6 
applying the drive mechanism according to the present 
invention; 

Fig. . 35 is a top view, of an application excunple 6 
applying the drive mechanism according to the present 
invention; 

Fig. 36 is a top view of an application example 6 
applying the drive mechanism according to the present 
invention; 

Fig. 37 is a perspective view of an application 
exeunple 7 applying the drive mechanism according to the 
present invention; and 

Fig. 38 is a front view of an application example 8 
applying the drive mechanism according to the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

According to a first aspect of the present invention, 
a drive mechanism interposed between two members to make 
the two members move relatively with respect to each other, 
at least one of the two members being guided to move 
linearly in a linear moving direction, comprises: a 
plurality of rolling cam followers that are rotatably 
supported on one of the two members, that are arranged in 
the linear moving direction, and that are spaced from each 
other; and a cam that is rotatably supported on the other 
one of the two members and that is provided in its 
circumference with a cam groove in which the rolling cam 
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^ollc^rs e„9.,e. t.e rotation axis of the can ^In, 
arranged in the direction of the linear movin, direction, 
„.erein t.e two .e^ra are nade to ..ove relatively wit. 
.aspect to eao. other .y driving tne ca. to rotate and 
„aKing the rolling ca» followers engage suocesBively .n 
groove and nove in the direction of the rotation a..s. 

the cam supported on the other member .s dr.ven 
for rotation, the rolling cam followers supported on the 
first member engage successively in the cam groove of the 
circumference of the cam, and the two members move relative 
.0 each other along the rotation axis. .fter the cam 
follower has moved by a predetermined distance along 

+->io neict cam follower 
direction of the rotation axxs, the next ^ 

^r>A -rolls . Thus , the cam 
engages in the cam groove and rolls. 

5 followers engage the cam groove successively, and move in a 
direction parallel to the rotation a:cis, and the cam^nd 
the cam followers move relative to each other, conseguently, 
«.e member supporting the cam followers and the member 
supporting the cam move linearly relative to each other. 

The relative stroke between the two members can 
.eadily be Changed Simply by changing the number of the c^ 
followers. The relative stro,« can be increased by 
arranging additional followers in the direction of 

relative movement and can be decreased by removing some 

the cam followers. 

If the cam followers do not operate properly, only 
the defective cam followers are replaced with new ones. 
Therefore, maintainability of the drive mechanism .s 

improved. ^ „ 

^y. o-f the drive mechanism starts from a 
30 The stress path of tne arivc 
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part, in engagement with the cam follower, of the cam 
groove, extends axially across the cam, and teminates at a 
part supporting the cam. Therefore, the length of the 
stress path is dependent only on the length of the cam and 
is not dependent on length of the stroke, and hence the 
rigidity of the drive mechanism does not decrease even xf 
the length of the stroke is increased. 

Since the cam followers roll on the cam groove, that 
is, they are in rolling contact with the side surfaces of 
the cam groove, they are not liable to be abraded, are 
superior in durability, and are excellent in quietness 
during a high-speed operation. 

Further, it is preferable that both ends, in the 
direction of the rotation axis, of the cam are supported 
rotatably, the cam groove is formed in the circumference of 
the cam throughout the length, in the direction of the 
rotation axis, of the cam, the cam groove is a helical 
groove oriented toward one direction in the circumferential 
direction of the cam, and before a cam follower that xs 
engaged in the cam groove disengages f««n the cam groove, 
an adjacent cam follower engages in the cam groove. 

Thus, simply by rotating the cam in one direction, 
the cam followers can be moved, relatively with respect to 
the cam, in only one direction that corresponds to the 
, rotating direction of the cam and that is in the direction 

of the rotation axis. 

Further, it is preferable that the length, in the 
direction of the rotation axis, of the cam is set shorter 
than a stroke of the linear movement of the member. 
0 Since the length, in the direction of the rotation 
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axis, of the cam is shorter than the stroke of relative 
movement, the stress path is short even if the stroke of 
relative movement is long, and hence the drive mechanism 
maintains high rigidity. 

Further, it is preferable that the cam groove is 
defined by a pair of iiiner side surfaces opposing each 
other and a bottom surface connecting the side surfaces; 
and each of the cam followers rolls on at least one of the 
side surfaces. 

Since the side surface of each cam follower comes 
into rolling contact with the side surface of the cam 
groove, the cam follower is able to engage securely in the 
cam groove. 

Further, it is preferable that at least two cam 
followers engage in the cam groove simultaneously; one of 
at least two of these cam followers rolls on one of the 
pair of inner side surfaces; and another one of the at 
least two of these cam followers rolls on the other one of 
the pair of inner side surfaces. 

In this structure, at least two cam followers, among 
the cam followers that are simultaneously engaged in the 
cam groove, roll on the opposite side surfaces of the cam 
groove, respectively. In this way, the two cam followers 
suppress axial play between the cam and the cam followers 
even if there is a backlash between the circumference of 
the cam followers and the cam groove, i.e., even if the 
width of the cam groove is greater than the diameter of the 
cam followers. 

Further, it is preferable that a plurality of the cam 
followers are arranged in the linear moving direction to 
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tor. a cam follower row, and at least two of these cam 
follower rows are aligned nert to each other in the l^ear 

moving direction. 

The plurality of cam follower rows makes sure that 
the cam and cam followers are engaged securely. Since the 
load is distributed among the cam followers, the durability 
of the drive mechanism is improved. 

Further, it is preferable that the cam groove is 
defined by a pair of inner side surfaces opposing each 
other and a bottom surface connecting the side surfaces; 
each of the cam followers rolls on at least one of the side 
surfaces; all the cam followers belonging to a certain cam 
follower row roll on either one of the pair of side 
surfaces of the cam groove; all the cam followers belonging 
to one of at least two of the cam follower rows roll on one 
of the pair of side surfaces; and all the cam followers 
belonging to another one of the at least two of the cam 
follower rows roll on the other one of the pair of sxde 
surfaces • 

Since the respective cam followers of at least the 
two cam follower rows roll on the opposite side surfaces of 
the cam groove, respectively, the cam followers of the two 
cam follower rows suppress axial play between the cam and 
the cam followers even if there is a backlash between the 
25 circumference of the cam followers and the cam groove. 

Further, it is preferable that the cam groove xs a 
tapered groove in which the width of the groove narrows 
toward the bottom in depth; and the cam follower has a 
tapered cylindrical shape conforming to the tapered groove. 
30 Thus, the pressing force of the cam followers against 
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the side surfaces of the cam groove of the cylindrical cam 
can be adjusted simply by adjusting the distance between 
the cam follower row and the rotation axis of the cam in 
order to ensure that the cam followers roll on the side 
surfaces of the cam groove. 

Another aspect of the present invention is a movable 
table unit that comprises the above-mentioned drive 
mechanism. In this movable table unit, one of the two 
members that rotatably supports the cam followers is a base 

fixedly installed on a floor; and the other one of the two 
members that rotatably supports the cam is a table 

supported on the base to move linearly and relatively with 

respect to the base. 

According to this invention, the stroke of the table 

moving relative to the base is freely adjustable, and the 

table unit is superior in maintainability and has high 

rigidity. 

Another aspect of the present invention is a movable 
table unit that comprises a plurality of the movable table 
units described above. The plurality of movable table units 
are stacked in multiple layers so that the movable table 
units move with respect to each other in different 
directions . 

in this way, the table located farthest from the base 
that is fixed to the floor can be moved in a plurality of 
different directions. Therefore, it is possible to provide 
a movable table unit having a high degree of freedom in 
movement of the tables • 

Hereinbelow, embodiments of the present invention 
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will be described in detail with reference to the attached 
if igures . 

s=s= First Embodiment =~ 

Fig. 1 is a front view of a drive mechanism in a 
first embodiment according to the present invention^ and 
Fig. 2 is a bottom view that is partially broken of the 
drive mechanism shown in Fig, 1. Figs. 3A and 3B are 
sectional views taken on line III-III in Fig. 1 showing the 
drive mechanism moving a moving member. Note that, the cam 
followers and the circumference of the cylindrical cam of 
Figs. 3A and SB are not cross sectional views but side 
views . 

The drive mechanism according to this invention is 
interposed between a first member 1 and a second member 3, 
at least one of which being guided to move linearly in a 
linear moving direction , in order to make the first and 
second members 1, 3 move relatively with respect to each 
other. In the first embodiment, the first member 1 is a 
base 1 installed on the floor with a horizontal top surface, 
and the second member 3 is a movable member 3 mounted on 
the base 1 and guided by a pair of straight guide rails 5 
for linear movement. 

In the present embodiment, a c£im mechanism is adopted 
as the drive mechanism for linearly moving the movable 
member 3 relative to the base 1. Referring to Figs. 1 and 3, 
the drive mechanism includes a plurality of cam followers 
11 arranged on the top surface of the base 1 at equal 
pitches PO in the direction of linear movement of the 
movable member 3, and a cylindrical cam 21 supported for 
rotation on the movable member 3 with its axis 21a of 
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rotation extended in the linear moving direction, 
cylindrical cam 21 is provided with a cam groove 23 in its 
circumference. The cam followers 11 engage in the cam 
groove 23. A drive source 31 fixed on the movable member 3 
drives the cylindrical cam 21 for rotation. When the 
cylindrical cam 21 is rotated, the cam followers 11 come 
successively into engagement with the cam groove 23 and 
move in the direction of the axis 21a of the cylindrical 
cam 21 relative to the cylindrical cam 21 and, consequently, 
the movable member 3 moves in the linear moving direction. 

Each cam follower 11 is of a known construction 
having a cam stud, which serves as an axis of rotation for 
rolling (also called rolling axis), a needle bearing 
mounted on one end of the cam stud, and a cylindrical cam 
roll 12 supported on the cam stud by the needle bearing . 
The cam stud is threaded on the other end. The threaded 
part of the cam stud is screwed in a threaded hole formed 
in the top surface of the base 1 to set up the cam follower 
11 on the top surface of the base 1. The cam roll 12 is 
able to rotate about the rolling axis. 

The plurality of cam followers 11 are arranged in a 
straight line with their roiling axes extended parallel to 
each other, thus forming a cam follower row 11a in the 
linear moving direction. as shown in Fig. 1, the rolling 
axes of the cam followers 11 perpendicularly intersect the 
axis 21a of rotation of the cylindrical cam 21. 

Referring to Figs. 3A and 3B, the cylindrical cam 21 
is a substantially circular cylinder. Both ends of the 
cylindrical cam 21 are rotatably supported on the movable 
, member 3 by bearing members 41, such as ball bearings. The 
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circumference of the cylindrical cam 21 is set shorter than 
the length of the cam follower row 11a. As shown in Fig. 1, 
the axis 21a of rotation is arranged right above and 
parallel to the cam follower row 11a so that the rotation 
axis 21a is in the linear moving direction. Accordingly ^ 
the circumference of the cylindrical cam 21 faces the cam 
follower row 11a. The cam groove 23 is formed in the 
circumference of the cylindrical cam 21. The cam followers 

11 engage successively in the cam groove 23 as the 
cylindrical cam 21 rotates. 

Referring to Figs. 3 A and 3B^ the cam groove 23 is 
defined by a pair of opposite side surfaces 23a and 23b ^ 
and a bottom surface 23e connecting the side surfaces 23a 
and 23b. The side surfaces 23a and 23b function as the cam 
surfaces on which the cam followers 11 roll. The cam roll 

12 of each cam follower 11 rolls on either the side surface 
23a or the side surface 23b. The side surfaces 23a and 23b 
are formed so as to conform to the shape of the 
circumference of the cam roll 12 of the cam follower 11 in 
order to make the cam roll 12 abut against the surfaces 23a 
and 23b evenly along the direction of its rolling axis. 
Since the ccim rolls 12 in the first embodiment are 
cylindrical r the side surfaces 23a and 23b are formed in 
the direction of the axes of the cam followers 11. 
Therefore, the width of the cam groove 23, i.e., the 
distance between the pair of the side surfaces 23a and 23b, 
is constant along the entire depth of the cam groove 23. 

The cam groove 23 is a helical groove twisted in one 
direction along a circumferential direction of the 
cylindrical cam 21. As shown in Fig. 3B, the helical cam 
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groove 23 is formed to extend continuously between the 
opposite axial ends of the cylindrical cam 21. The cam 
groove 23 has a front guide part 23c for guiding the cam 
followers 11 into the cam groove 23 and a back guide part 
23d for guiding the cam followers 11 out of the cam groove 
23. The front guide part 23c and the back guide part 23d 
are respectively provided at opposite ends of the cam 
groove 23. When the cylindrical cam 21 rotates in the 
direction of the arrow indicated as in Fig. 3A, the cam 
groove 23 moves the cam follower 11 to the left relative to 
the movable member 3 to the other end of the cam groove, 
i e., the movable member 3 movfes in the direction of the 
arrow indicated in Fig. 3B. As the cam follower 11 
approaches the back guide part 23d, the next cam follower 
11 is guided into the cam groove 23 by the front guide part 
23C and starts moving in the cam groove 23 before the 
preceding cam follower 11 separates from the back guide 
part 23d. Thus, the cam followers 11 are moved successively 
to the left relative to the cylindrical cam 21. Actually, 
the movable member 3 rotatably supporting the cylindrical 
cam 21 moves straight in the direction of the. arrow 
indicated in Fig. 3B because the cam studs of the cam 
followers 11 are fixed to the base 1. 

Basically, only one of the cam followers 11 engages 
the cam groove 23 in the drive mechanism in the first 
embodiment; as shown in Fig. 3B, however, two cam followers 
11 are engaged in the cam groove 23 only at a stage when 
the preceding cam follower 11 is about to separate from the 
back guide part 23d and the succeeding cam follower 11 xs 
3 guided by the front guide part 23c into the cam groove 23, 
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Bi«pe of .he ca. ,roa« 23 the cylindrical ca. 
is designed eccordin, « a desired «>de of .ove^en. of 

„ , , por example, when it is desxred to 
the movable meiober 3. For exampj. , 

^ ■, .^ B constant linear speed by 
„ove the movable member 3 at a constan 

. , „,„ n at a constant rotating 
rotating the cylindrical cam 21 et a 

speed, the cam groove 23 is formed in the ^hape of 
uniform helix havin, a fixed helix angle. «hen it 
aesired to -ove the movable member 3 intermittently, that 
! \*en it is desired to ma^ the movable member 3 move 
anl stop repetitively, by rotating the cylindrical cam 21 

A ^ oroove whose shape is such 
at a constant rotating speed, a groove who y ^ 

. • direction of the rotation axis 21a 

that the position in the direction «x 

d's not Change even when the cam 21 is rotated .ay be 
provided in a predetermined position of the cam 

...ving the cylindrical o«. 21 for rotation is a belt drive 
Uism 31. This belt drive mechanism 31 ^ ^ 
33 fixedly mounted on the movable member 3, a driven pulley 
tTat L fixedly mounted on one end of the cylindrical 
, cam 21 and that is concentric with the rotation axis 21a, 
an endless belt 3, extended between the driven pull^ 
3^ and an output shaft 33a of the motor 33. The rotative 
force of the motor 33 is transmitted to the driven pulley 
sHy the endless belt 37 so as to rotate the cylindrical 

' ";be effect of the drive ^chanism in the first 

• «.«4--5«n will be described with 

embodiment of this invention will 

reference to Figs. 3A and 3B. readily 

The drive mechanism has an advantage in readily 

• ^h. stroke of the movable member 3. That is, the 
30 changing the stroke oi u 
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length o£ the stroke can be easily changed by simply 
Changing the n»»ber of the cam followers 11 provided in the 
linear moving direction. For example, the stroKe can be 
extended by adding cam followers U in the linear moving 
dixection or can be shortened by removing seme of the cam 
followers 11 of the cam follower row. 

The drive mechanism is also excellent in 
maintainability. If a defective cam follower 11 is found, 
only the defective cam follower U needs to be replaced 

wi-th a new one. 

The drive mechanism is capable of maintaining high 
rigidity even if the stroke is long. The stress path of the 
drive mechanism (i.e., the force transmission- path between 
the base 1 and the movable member 3) starts from a part of 
, the cam groove 23 that comes in contact with the cam 
follower 11, extends axially through the cylindrical cam 21, 
and terminates at the part of the cylindrical cam 21 that 
is supported by the roller bearing 41,. Thus, the length of 
the stress path is not dependent on the stroke and xs 
0 dependent only on the cylindrical cam 21 itself. Therefore, 
the drive mechanism is able to maintain high rigidity even 
if the stroke is long as shown in Figs. 3A and 3B. 

The drive mechanism is satisfactory in durability and 
quietness. This is because the cam followers 11 are in 
.5 rolling contact with the cam groove 23, and therefore, the 
cam followers 11 and the cam groove 23 are not abraded 
easily and do not generate large noise. 

=== Second Embodiment === 
30 sectional views of a drive mechanism moving a movable 
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member 3 in a second embodiment according to the present 
invention is shown in Figs. 4A and 4B, which are similar to 
Figs. 3A and 3B. Fig. 5 shows a part V in Fig. 4B. Figs. 
6A, 6B and Figs. 7A through 7D are views specifically 
explaining the drive mechanism in the second embodiment in 
which backlash is suppressed. In Fig. 5 and Figs. 7A 
through 7D, a sectional view of the cylindrical cam 21 
taken at its center is shown in order to clearly show how 
the cam followers 11 and the cam groove 23 contact with 
each other. Structural components corresponding to those of 
the drive mechanism in the first embodiment are denoted by 
the same reference characters and the description thereof 

will be omitted. 

While the drive mechanism in the first embodiment is 
of a one-point drive system in which basically only one of 
the cam followers 11 engages the cam groove 23, the drive 
mechanism in the second embodiment is of a two-point drive 
system in which basically two cam followers 11 engage the 
cam groove 23 simultaneously. 

The two-point drive system is able to improve 
accuracy in positioning the movable member 3 by suppressing 
play due to backlash between the cam groove 23 and the cam 
followers 11. The backlash will be explained with reference 
to Fig. 5. A gap (backlash) S between the side surface 23a 
of the cam groove 23 and the cam roll 12 of the cam 
follower 11 is formed because the width of the cam groove 
23 is greater than the outside diameter of the cam roll 12 
of the cam follower 11. Basically, the cam follower 11 
rolls on the side surface 23b, and the backlash S is formed 
between the other side surface 23a of the cam groove 23 and 
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follower U. The backlash S causes axial play 
1-he cam follower xa» ^ -i 

.he cvlindrioal cam 21 and the cam toUower 11, and 

rrr:: L:.ac, . pos...... .he ^a^. ^e. . 

. " ^^r::rih .... e.. - ..d .1.. « .he 

' ,1 and the cam followers 11 o£ the drxve 

cylindrical cam 21 and the .,,i<,ned to suppress 

^chanism in the second emhodiment are ^^^^^^^ Z cam 
pxay dne to the bacKlash s, and arranged such that two 

11 enaage simultaneously in the cam groove 23, 
followers U engage su. ^ contact with the 

„<■ »-he two cam followers 11 m coni;ci 
0 with one Of the two ^^^^ 

opposite side surfaces 23a ana ,! 

respectively. ^ cam followers 11 in the 

such engagement "^ J''^ ^^ ^^^^ ^ 

«„o 93 can be achieved by a rirsi- 
cam groove 23 can d appropriately 

the pitches between the cam folK^rB 11 are^PP 

adjusted or a second method ^ whrch the heir 

the cam groove 23 is appropriately adjusted. 

< pirst Method > ^ described on an assumption 

The first method will be describ 

„r-oove 23 has the shape of a uniform helix 
20 that the cam groove 23 ^ ^^^^^ 

baving a fixed helix angle. The ^^e 
arranged in a cam follower row Ua at equal p 

„ ,re arranged at alternate long pitches PI 
cam followers 11 «^ ' _ .et greater 

and Short P-^J^ /J^^, ,„,ce as large as the 

than the short pitches P2 oy a y 
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while t«o adjacent cam followers 11, 
in this way, while two * j 
,v first and second cam followers 11, spaced at the 
namely, first an ^. ^.^y, the cam groove 23 to 

short pitch P2 are in engagement with the c g 

n Fia 6A, the portions of the 
roll as shown m Fig. 
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circumferences of each cam follower 11 that face the other 
can, follower 11 are in contact with the opposite sxde 
surfaces 23a and 23b, respectively. Consequently, a part 
21b of the cylindrical cam 21 between the adjacent cam 
5 followers U is held between the adjacent first and the 
second cam followers 11, and thereby the cylindrical ca. 21 
is restrained fro. moving freely in the axial direction. 

M the cylindrical cam 21 rotates further, the first 
and the second c«. followers 11 move toward the bacK guide 
10 part 23d relative to the cylindrical cam 21. m this state, 
the first cam follower 11, namely the preceding cam 
follower U, separates from the back guide part 23d, and 
the second cam follower 11, namely, the succeeding cam 
follower 11, still remains in the cam groove 23. At thxs 
15 stage, a third cam follower U, namely, the next cam 
follower 11 following the second cam follower remaining rn 
the cam groove 23. is guided by the front guide part 23c 
into the cam groove 23 as shown in Fig. 6B. The second and 
the third cam followers 11 are spaced at the long pitch PI. 
20 oonseguently, the third cam follower 11 comes into contact 
with the side surface 23b opposite the side surface 23a 

^ ^^rr^ ^r^^^n^a&r 11 is in contact ^ and 
with which the second cam follower 

tensile force acts on the part 21b, between the second and 
the third cam follower 11, of the cylindrical cam 21. 
2S ^cordingly, the cylindrical cam 21 is restrained from 
moving freely in the axial direction. 

AS the cylindrical cam 21 rotates further, the above- 
mentioned motion is repeated and the following cam 
followers 11 engage successively in the cam groove 23. In 
30 this way, the movable member 3 is moved while the 
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cylindrical c 21 is restrained fro. -ovin, freely in the 
axial direction. 
< Second Method > 

The second method will be described on an assumption 
that the cam followers II are arranged at e,u.l pitches PO 
in a cam follower row 11a. 

«-f -the drive mechanism will be 
The linear movement of tne arj-vc 

described with reference to Figs. 7A to D, Keferrin, to ^ig. 
7A, the two adjacent cam followers 11, namely, first and 
second cam followers 11, engage the cam groove 23 with the 
portions Of the circumferences of each cam follower 11 that 
face the other cam follower 11 placed in contact wxth the 
opposite side surfaces 23b and 23a, respectively. A part 
alh, between the side surfaces 23a and 23b, of the 
cylindrical cam 21 is held between the first and the second 
cam followers 11, and thereby the cylindrical cam 21 .s 
restrained from moving freely in the axial direction. « 
..e cylindrical cam 21 rotates, the first and t^ second 
cam followers 11 move toward the baCc guide part 23d of the 
cam groove 23. Actually, the cylindrical c«. 21 moves 
linearly relative to the cam followers U. ^ 
Shown in Fig. 7P, the first cam follower 11 separates from 
.he bacK guide part 23d and instead a third cam 
nemely. the cam follower following the second cam follower 
, 11, I guided by the front guide part 23c into the cam 
groove 23, and in this way, the cylindrical cam 21 moves 
linearly for one str..e. .t this stage, the part 21b of^^e 
cylindrical cam 21 is held between the second cam follower 
U remaining in the cam groove 23 and the third cam 
,0 follower U newly engaged in the cam groov. 23, to restram 
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the cylindrical cam 21 from moving freely in the axial 
direction. 

TO hold the part 21b between the second cam follower 
11, which is remaining in the cam groove 23 and which is in 
contact with the side surface 23a (left side surface in the 
figure) as shown in Fig. 7A, and the third cam follower 11, 
the second cam follower 11 must be brought into contact 
with the other side surface 23b (right side surface in the 
figure) as shown in Fig. 7D. in a transient state where the 
second cam follower 11 is separated from the side surface 
23a and brought into contact with the other side surface 
23b, the second cam follower 11 has to be separated from 
the side surface 23a, and hence, the free axial motion of 
the cylindrical cam 21 caused by the backlash S becomes 
significant. 

In the second method, to prevent such free axial 
motion of the cylindrical cam 21 in the transient state, as 
shown in Fig. 7B, the cylindrical cam 21 is held between 
the first cam follower 11 about to separate from the back 
guide part 23d and the third cam follower 11 newly engaged 
in the cam groove 23. In the transient state, the parts, 
that oppose each other, of the circumferences of the first 
and the third cam followers 11 are in contact with the 
opposite side surfaces 23b and ^ 23a, respectively, to 
restrain the cylindrical cam 21 from moving freely in the 
axial direction. As shown in Fig. 70, after the second cam 
follower completes the transfer, the parts, opposing each 
other, of the second cam follower 11 having completed the 
transfer and the third cam follower 11 placed at the front 
guide part 23c come in contact with the opposite side 
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,„f.ceB 23., 23b, reepecively, to hold the part 21b ot 
.he cylinarical c«. 21, rest«lni., the cylindrical ca. 
from moving freely in the axial direction. 

Transferring of the second cam follower 11 from one 
of the side surfaces 23a and 23b to the other, and bolding 
.he cylindrical cam 21 between the first cam follower U at 
.he bacK guide part 23d and the third cam follower at the 
front guide part 23c are achieved by properly desxgnxng the 
helical shape of the cam groove 23. 

™Modif ication of the second B«bodlment=~ 

rig. 8 Shows a drive mechanism in a modification of 

■ _ <r. th» second embodiment. Fig. 9 shows 
the drive mechanism in the seoonu 

. «■ o Tn Pia. 9, a sectional view of the 
a part IX in Fig. «• 

cylindrical cam 21 taKen at it s center is shown in order 
« clearly show how cam followers 13 included in the drive 
^.anism and a cam groove 25 formed in the cylindrical cam 
al contact With each other, m Figs. 8 and 9. structural 
components corresponding to those of the second e^odimen. 
0 are denoted by the same reference characters and the 

description thereof will be oaitted. ' . ^ ' 

• - ^« -i-vi** second embodiment:, tne 
in the drive mechanism in the secona 

„ f^nowers 11 are cylindrical, and 
cam rolls 12 of the cam followers ii ar y ^. ^ ^ 

-i £a the distance 
hence the width of the cam groove 23, i.e., 

^ IS constant over the 

■ S between the side surfaces 23a and 23b, is cons 

• depth Of the cam groove 23. However, in this modification 
cam rolls 14 of the cam followers 13 are cylindrical rolls 
naving the shape of a taper cylinder tapering toward 
tip end in the direction of the rolling axis of each cam^ 

30 follower 13. Further, the cylindrical cam 21 is provided 
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with a cam groove 25 tapered toward the bottom to follow 
the circumference of the cam roll 14. As shown in Fig. 9, 
the side surfaces 25a and 25b of the tapered cam groove 25 
are inclined at an angle corresponding to the taper of the 
cam roll 14 > so that the cam roll 14 is able to contact 
evenly with the side surface 25a or 25b in the direction of 
the rolling axis of the cam follower. 

When the cam groove 25 of the cylindrical cam 21 and 
the cam rolls 14 of the cam followers 13 are thus formed, 
the pressing force of two cam followers 14 , which roll in 
the cam groove 25 at the samie time, against the side 
surfaces 25a and 25b of the cylindrical cam 21 can easily 
be adjusted by adjusting the distance L between the 
rotation axis 21a of the cylindrical cam 21 and a cam 
follower row 13a formed by arranging the cam followers 13. 
More specifically, the distance L is decreased to increase 
the pressing force, and the distance L is increased to 
decrease the pressing force. Thus, the force is properly 
adjusted to make the cam followers 13 roll smoothly on the 
side surfaces 25a and 25b. Consequently, it is possible to 
effectively prevent the pitching etc. due to the slip of 
circumferences of the cam rolls 14 and the side surfaces 
25a and 25b relative to each other. 

=:==Third Embodiment=~ 

While the drive mechanisms in the first and the 
second embodiment are provided with the ceun followers 11 
arranged in the single cam follower row 11a, a drive 
mechani-sm in the third embodiment is provided with cam 
followers 11 arranged in two cam follower rows 11a. More 
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specifically, two cam follower rows 11a and lib extend 
parallel to each other in the linear moving direction of 
the movable member 3, as shown in Figs. 10 to 15. 

Figs. 10 to 15 show different ways of arranging the 
two cam follower rows, respectively. In Figs. 10 to 15, 
structural components corresponding to those of the first 
and second embodiments are denoted by the same reference 
characters and the description thereof will be omitted. 
Angular Arrangement of Cam Follower Rows about 

Cylindrical Cam 

Figs. 10 and 11 show two types of angular arrangement 
of cam follower rows about the cylindrical cam. 

in the angular arrangement of cam follower rows shown 
in Fig. 10, two cam follower rows 11a, i.e., first and 
second cam follower rows, are arranged at an angular 
interval of 90» about the rotation axis 21a of a cylindrical 
cam 21. A base 1 has a stepped top having a horizontal top 
surface la, a horizontal lower surface lb, and a vertical 
side surface Ic connecting the top surface la and the lower 
surface lb. A movable member 3 is supported on and guided 
for linear movement by linear guides 5 extending on the top 
surface la. The movable member 3 extends horizontally over 
the top surface la and the lower surface lb. An end part of 
the movable member 3 above the lower surface lb holds a 
cylindrical cam 21. The outer circumference of the 
cylindrical cam 21 faces both the lower surface lb and the 
side surface Ic, which connects the top surface la and the 
lower surface lb. The first cam follower row 11a formed by 
linearly arranging cam followers 11 is provided on the 
vertical side surface Ic with the axes of rotation of the 



29 



cam followers 11 extended horizontally. The second cam 
follower row 11a formed by linearly arranging cam followers 
11 is provided on the horizontal lower surface lb with the 
axes of rotation of the cam followers 11 extended 
vertically. The axes of rotation of the cam followers 11 
forming the two cam follower rows 11a intersect the 
rotation axis 21a of the cylindrical cam 21 at right angles. 
Thus, the cam rolls 12 of the cam followers 11 are surely 
able to roll on the side surfaces 23a and 23b of the cam 
groove 23. 

In the angular cam follower row arrangement shown in 
Fig. 11 f two cam follower rows lla, i.e., first and second 
cam follower rows 11a, formed by linearly arranging . cam 
followers 11 are arranged at an angular interval of 30*" 
about the rotation axis 21a of the cylindrical cam 21. The 
base 1 has a stepped top, and the lower surface lb is 
provided with a V-shaped groove Id defined by two inclined 
surfaces including, an angle of 150**. The first and the 
second cam follower row 11a are extended on the two 
inclined surfaces of the V-shaped groove Id, respectively. 
The axes of rotation of the cam followers 11 forming the 
two cam follower rows 11a intersect the rotation axis 21a 
of the cylindrical cam 21. Thus, the cam rolls 12 of the 
cam followers 11 are surely able to roll on the side 
surfaces 23a and 23b of the cam groove 23. 

Phase Relationship between Cam Follower Rows 

Figs. 12 and 14 are developments of the 
circumferences of cylindrical cams. In each figure, an 
example of the relationship of the phases of two cam 
follower rows 11a and lib is shown. Figs. 13A and 13B are 
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sectional views taken on line A-A 

.no ifias 15A and 15B are sectional 
respectively, in Fxg. 12. Fxgs. 15A . • . 

V on line A-A and line B-B. respectively in Fig. 
views taken on line a a 

. Fta 12, a cylindrical cam 21 is 

Referring to Fig. li., °- j 

=r,^ in the rotating 
in its circumference and m xne 

.oixowers U of tne ca. fcllowe. rowB Ua an. 1U> xs 
e..«ea eo. in ..e .o.a..n, .i^-.on o. - -ca ^ 

•fvoaiiv the cam followers 11 of the secona 
21 More specifically, T:ne ^oui 

ea» foxxojr row IX. are .enina .ne co..espona.n, ca- 
, Tuowers XX o. .ne .ixB. ca. foXXo... rov, XXa ..e pMse 

* n™*.rs 11 of the cam follower rows 
T cno The cam followers ii oi. uu^; 

Tal XX. ate a«an,.a a. e^aX pX.Cea .3. ana .ne 
Lnes « a« se. so .... one o. ..e - -X ^ s 
co^s Xn.o en,a,e.en. «i« a front ^iae part 23c of t.e 
0 =a„ groove .3 every one fuXX turn of — ^^^^^^/^J^ " 
^ ca« roxxs of the ca. foXXowers XX of the f«st 

11a roll always on one of the side 
cam follower row 11a roll aiw y 

^ o^h of the cam groove 23, i.e., the side 
surfaces 23a and 23b of the c y 

surface 23a on the left side as viewed m Fig. 12 xn 
rZent on the other hand, the cam rolls of the cam 
25 embodiment. on ^^-n™^ row lib roll always 

followers U of the second cam follower row 1 

• ^ side surface 23b on 

on the other siae snrface, x.e., the siae 

the ri,ht aiae as vXewea In .1,. X2 in this e^oa^ht 
,"s the ca„ foxxowers XX, which heXon, to each of th 
30 Ts ana secona ca„ foXXower rows XXa, XXh ana whxch roXX 
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„ the tl»e on t.e =a» ^ " at a shifted phase. 

eo», restrain the cylindrical ca« 2^ tro. a ^^^^ 
.ction due to hacU.shes ^t«eeh the ca» .oiXcwers X a d 
the Side surfaces 23a and 23b of the cam groove 23 It 

^ „rscedina cam follower 11 of 

should be noted that when the preceding 

.11. .soarates from a back guide 
the first cam follower row Ua separates 

,1 the adiaoent cam follower 11 
Mrt 23d of the cam groove 23, the aajaoe 

11= ie auided by the front 
of the first cam follower row 11a is guide 

,uide part 23c into the cam groove 23 and engages the side 
u fac! .3a. Hence the cylindrical cam 21 is res«aine 
trom a free axial motion by the cam follower 11 of the 
econd cam follower row lib in engagement with the side 
-^^rce 33b Of the cam groove 23 and the succeeding cam 
Tulr 11 Of the first cam follower row Ua that has Just 
, into engagement with the side surface 23. of the cam 

groove 23. cylindrical cam 21 is 

Referring to Fig. ^ 
-..d in its circumference and in t:he rotating 
provided, in its a uniform helix 

direction thereof, with a cam groove 23 of unif ^ 

4.'-« about 2.5 turns, that is, a 
■ 0 that has a length amounting to about 

, , ofis° A first cam follower row 11a and a 
station angle of 965 . fi 

second cam follower row lib are arrang 
phase between the corresponding cam followers 11 of the cam 
Llower rows Ua and lib is shifted .1. in - 
.5 direction of the cylindrical cam 21. More specifically the 
cam followers 11 of the second cam follower row Ub are 
bThind the corresponding cam followers 11 of the first c^ 
Tollower row Ua by a phase angle of .15. c^ 

followers U of the cam follower rows 11a and Ub are 
followers ^^^^^ 3„ 

30 arranged at equal pitches P4, a «• 
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that one of the cam followers 11 ccmeB into en,agen>ent with 
a front guide part 23o of the ca» groove 23 every two full 
turns -Of the cylindrical cam 21. 

The cam followers 11 of the cam follower rows 11a and 
lib are arranged similarly to those shown in Fig. 12; the 
cam rolls of the cam followers 11 of the first cam follower 
row lla roll always on one of the side surfaces 23a and 23b 

« 4 e the side surface 23a on the 

of the cam groove 23, i.e., i^ne 

left side as viewed in Fig. 14 in this e»bodtaent. In 
addition, the oaia rolls of the oa« followers 11 of the 
second oam follower row llh roll always on the other side 
surface, i.e., the side surface 23b on the right side as 
viewed in Fig. 14 in this erabodi^nt. Thus, the ca. 
followers 11, which belong to each of the first and second 
cam follower rows lla, Ub and which roll at the same ti^e 
on the cam groove 23 at a shifted phase of 415", restrain 
the cylindrical oam 21 from a free axial motion due to 
backlashes between the cam followers 11 and the sxde 
surfaces 23a and 23b of the cam groove 23. It should be 
noted that the preceding cam follower 11 of the first cam 
follower row lla separates from a back guide part 23d of 
the cam groove 23 after the succeeding oam follower 11 of 
the first cam follower row lla engages in the cam groove 23. 
Hence the cylindrical cam 21 is restrained from a free 
, axial motion by the cam follower 11 of the second cam 
follower row lib and the succeeding cam follower 11 of the 
tirst cam follower row lla engaged in the cam groove 23. 

=«=MoVable Table «nit Provided with Drive Mechanism of the 

0 present lnvention=== 
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Figs. 16 and 17 are a partly cutaway plan view and a 
partly cutaway front view, respectively, of a movable table 
unit provided with a drive mechanism of the present 
invention. 

A movable table unit 81 is an XY table 81 employed in 
a machine tool, such as a machining center. The essential 
function of the XY table 81 is to horizontally move a work 
table supporting a workpiece thereon in directions in the 
direction of an X- and a Y-axis perpendicularly 
intersecting each other. 

In order to realize such an XY table 81, two movable 
table units (i.e., an upper table unit 83 and a lower table 
unit 83 ' ) respectively provided movable members 3 and 3 ' 
that move linearly on bases 1 and 1' through drive 
mechanisms are stacked. The base 1 included in the upper 
movable table unit 83 and the movable member 3' of the 
lower movable table unit 83' are fixedly joined together. 
The movable members 3 and 3' are linearly movable in the 
direction of the Y-axis and the X-axis, respectively, and 
hence the upper movable member 3 serves as the work table 
that can be moved in directions in the direction of the X- 
axis and the Y-axis. Component members of the lower movable 
table unit 83' will be denoted by reference characteirs with 
a dash ( ' ) to facilitate discrimination between the 
respective component parts of the upper movable table unit 
83 and the lower movable table unit 83'. 
The XY table 81 will be described. 

The XY table 81 includes a lower base 1' having a 
horizontal top surface and fixedly installed on the floor, 
a pair of lower linear guides 5' extended on the top 
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surface of the lower base 1', an intermediate table 3' 
supported on the lower base 1' and guided by the lower 
linear guides 5' for linear movement, a pair of upper 
linear guides 5 extended on the intermediate table 3', and 
an upper table 3 supported on the intermediate table 3' and 
guided by the upper linear guides 5 for linear movement. 
The lower linear guides 5' are extended horizontally in the 
direction of the X-axis on the lower base 1' to guide the 
intermediate table 3' for linear movement in the direction 
of the X-axis. The upper linear guides 5 are extended 
horizontally in the direction of the Y-axis on the upper 
base 1 to guide the upper table 3 for linear movement in 
the direction of the Y-axis. Thus, the upper table 3 can be 
moved linearly in directions of the X-axis and the Y-axis 
through the combined linear motions with the intermediate 
table 3'. It goe^ without saying that intermediate table 3' 
serves as the movable member 3' of the lower movable table 
unit 83', and the base 1 of the upper movable table unit 83. 
TWO drive mechanisms, i.e., a lower drive mechanism 
t and an upper drive mechanism, are provided for moving the 
intermediate table 3' and the upper table 3, respectively. 
The lower drive mechanism is disposed in the center of the 
top surface of the lower base 1' between the pair of the 
lower linear guides 5'. The lower drive mechanism includes 
5 cam followers 11' arranged in a straight lower cam follower 
row lla' in the direction of the lower linear guides 5', 
and a cylindrical cam 21' provided in its circumference 
with a cam groove 23' and rotatably supported on the 
intermediate table 3'. The axis 21a' of rotation of the 
0 cylindrical cam 21' is arranged in the direction of and 
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right above the lower ca- follower row Ua- . In this way, 
as the cylindrical cam 21- is driven for rotation, the 
lower oaM followers 11- come successively into engagement 
with the helical cam groove 23' to move the lower table 3- 
straight in the direction of the X-axis. 

The upper drive mechanism for driving the upper table 
3 is disposed in the center of the top surface of the upper 
base 1 between the palx of upper linear guides 5. The upper 
drive mechanism includes cam followers 11 arranged in a 
straight lower cam follower row 11a in the direction of the 

•J » c; and a cvlindrical cam 21 provided m 
upper linear guides 5, and a cyiinaj-i- 

a nam aroove 23 and rotatably 
its circumference with a cam groove 

4. The axis 21a of rotation 

supported on the lower table 3 . The axis z 

Of the cylindrical cam 21 is arranged in the direction of 

and right above the upper cam follower row 11a. in this way, 

as the cylindrical cam 21 is driven for rotation, the upper 

cam followers 11 come successively into engagement with the 

cam groove 23 to move the upper table 3 straight in the 

* 4- ho v-avis. The drive mechanisms 31, 31' for 
direction of the y-axis. « 

n o-i and 21' for rotation are 

driving the cylindrical cams 21 and i 

the belt drive mechanisms described above. 

Next, referring to Fig. 24 there is descrii>ed an XYZ 
table 100 to which the drive mechanism according to the 
present invention is applied. Fig. 24 is a perspective view 
, Showing a general outline of the XYZ table 100. 

in the XYZ table 100, the above-described XY table 81 
is made movable in the Z direction, m more detail, a pair 
of linear guides 102 are provided on the Z-axis base 106 . 
xn between these linear guides 102, there is arranged 
0 linearly a cam follower row 104 along the linear guides 102. 



With a similar, structure to the above-described drive 
mechanism, the base 1' is made movable in the Z direction 
in respect to the Z-axis base 106. 

With this structure, the table 3 is able to move not 
only in the X and Y direction, but also in the Z direction. 

^-Application of the Drive Mechanism of the Present 
Invention to Conveyance Line=~ 

Next, examples in which the drive mechanism of the 
present invention is applied to various conveyance lines 
will be described with reference to the drawings. 
=Application Example 1= 

Fig. 25 shows a plan view of an application example 1 
of a conveyance line to which the drive mechanism of the 
present invention is applied. Fig. 26 shows an A-A section 

view of Fig. 25. 

This conveyance line is for conveying various 
articles such as a component or a workpiece placed on the 

mounting base 112. 

Each of the fixed bases 118 is provided with a pair 
of linear guides 120 and a cam follower row 126. The fixed 
base 122 is also provided with a pair of linear guides 124 
and a cam follower row 128. 

on the fixed base 122, there is provided a movable 
base 130 that is provided with a pair of linear guides 132 
and a cam follower row 134. This movable base 130 has a 
rotatable cylindrical cam 116. This cylindrical cam 116 
subsequently engages each cam follower in the cam follower 
row 128, and the movable base 130 is made to move in the P2 
) direction in Fig. 25. 



37 



.ac^ counting base 112 has . rotataWe oyliadrical 
ca- 114. Bach =a» 114 en,a,es. the can follower rows 12 , 

vvaao 119 can be moved in the Pi, p^/ 
134, and the mountxng base 112 can oe 

or P4 direction. .^^ ion 

»o« that, the end portions of each Ixnear gu.de 120, 
134, 132 are tapered. Thus, the »ovahle base 130 is able to 
easily -ove over *ro« one linear guide to another Imear 

'°""«ext, the conveyance notion of this conveyance line 

10 110 is explained. v. 119 is 

The article placed on the counting base 112 is 
conveyed with the counting base 112 i» the .1 direction as 
Shown in Fig. 25, and arrives at the movable base 130. 

The article and the mounting base 112 that have 
arrived at the novabl. base 130 move with the movement of 
«.e movable base 130 in the « direction cdirect.on sho^ 
^ hlacK arrow or white arrow), and arrive at the pos.txons 

SI, S2 Shown by the double-dashed lines. 

The article Which has arrived at the position Of the 

,0 double-dashed lines shown by SI or S2 is further ^conveyed 
With the mounting base 112 moving i. the .3 or P4 direction. 



=Application Example 2= 

27 Shows a plan view of another applxcatxon 

.5 example 2 to which the drive mechanism of the present 
25 exampl ^ ^^^^^ ^.^^ ^^g. 

invention is applied, and E-xg. 

, ■ X Mni-^. that, similar structures 

27 (partly a . sectional vxew) . Note that, sxm 

v.oH=or-« are denoted with the same reference 
and functions as before are aenoi^ea 
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nvimerals. . 

K basic structure of the moving mechanism of the 
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mounting base 112 in this application example is similar to 
that of application example 1, thus explanation will be 
omitted . 

Next f the conveyance movement in this application 
example 2 is explained referring to arrows Pll to P16 shown 
in Fig, 27. 

In Fig. n , the mounting base 112 positioned at the 
left bottom side moves in the direction shown by arrow Pll 
and stopping when necessary, to arrive on the movable base 
130 (right side) . 

The mounting base 112, which has reached the movable 
base 130 (right side), reaches the position of double- 
dashed line shown by Sll with the movement of the movable 
base 130 (right side) in the P12 direction. 

The mounting base 112, which has reached the position 
of the double-dashed line shown by Sll, moves in the 
direction shown by the arrow P14 while stopping if 
necessary, to reach the movable base 130' (left side). 
Note that, at this time, the movable base (left side) 130' 
is located at the dotted line position shown by 812 in Fig. 
27. 

The mounting base 112, which has reached the movable 
base (left side) 130', moves with the movable base (left 
side) 130' in the direction of the arrow PI 6. 

In this way, it is possible to structure an effective 
conveyance line with a mode such as shown in application 
example 2. 

=Application Example 3= 

Fig. 29 shows a plan view of another application 
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example 3 to which the drive mechanism of the present 
invention is applied, and Pig. 30 shows a state in which a 
rotating table 150 is rotating. Note that, similar 
structures and functions as before are denoted with the 
same reference numerals. 

A basic structure of the moving mechanism of the 
mounting base 112 in this application example is similar to 
that of application example 1, thus explanation will be 
omitted. However, in this application example 3, a pair of 
linear guides 132 and a cam follower row 134 are provided 
on a rotatable rotating table 150. 

Next, the conveyance operation in this application 
example 3 is explained referring to arrows P21 to P24 shown 

in Figs. 29 and 30. 
15 in Fig. 29, the mounting base 112 positioned at the 

central upper portion moves in the direction shown by arrow 
P24 and arrives on the rotating table 150. 

When the mounting base 112 arrives on the rotating 
table 150, the rotating table 150 rotates 90° with the 
mounting base 112 in the anticlockwise direction, to a 

state shown in Fig. 30. 

When the rotation operation of the rotating table 150 
finishes, the mounting base 112 moves to the direction 
shown by arrow P23 in Fig. 29 (Fig. 30), and reaches a 
25 position S21 shown by a double-dashed line. 

Note that, such movement of the mounting base 112 is 

merely an example. 

The rotating table 150 may be rotated 90° clockwise 
with the mounting base 112, and after the rotation 
operation has finished, the mounting base 112 may be moved 



20 



30 



40 



to the direction shown by arrow P21 in Fig. 29 (Fig. 30), 
or the mounting base 112 may be further moved in the 
direction shown by arrow P22 in Fig. 29 (Fig. 30), without 
rotating the rotating table 150. 

^Application Example 4= 

Fig. 31 shows a front view of another application 
example 4 to which the drive mechanism according to the 
present invention is applied, and Fig. 32 shows a top view 
of another application example 4 to which the drive 
mechanism of the present invention is applied. Note that, 
similar structures and functions as before are denoted with 
the same reference numerals. 

The above-described application examples 1 to 3 are a 
flat type conveyance line, but this application example 4 
is a three-dimensional conveyance line. 

A basic structure of the moving mechanism of the 
mounting base 112 in this application example is similar to 
that of application 1, thus explanation will be omitted. 

Next, the conveyance operation in this application 
example 4 will be described, referring to arrows P31 to P35 
shown in Fig. 31. 

In Fig. 31, the mounting base 112 shown by dotted 
lines on the left moves in the direction shown by arrow P31, 
and arrives on the movable base 130. 

The mounting base 112 which has reached the movable 
base 130 moves in the direction of P32 (movement to the 
upper direction) together with the moving member 130, and 
reaches the position S31 shown by the dotted line. 

The mounting base 112, which has reached the position 
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S31 Shown by dotted lines, moves in the direction shown by 

arrow P34, and reaches a position in the right upper 

portion shown by dotted lines. 

Further, when the movable base 130 on which the 

mounting base 112 is mounted moves in the P33 direction 
(moves in the downward direction) , the mounting base 112 
reaches the position S32 shown by the dotted line. 

The mounting base 112, which has reached the position 
S32 Shown by the dotted line, moves in the direction shown 
by arrow P35, and reaches the position in the right lower 
portion shown by the dotted line. 
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=Application Example 5- 

Fig. 33 Shows a front view of another application 
15 example 5 to which the drive mechanism of the present 
invention is applied. Note that, similar structures and 
functions as before are denoted with the same reference 
numerals . 

The application examples 1 to 3 described above are 
of a flat conveyance line, but this application example 5 
three-dimensional conveyance line, similar to 

application example 4 . 

A basic structure of the moving mechanism of the 
mounting base 112 in this application example is similar to 
25 that of application example 1, thus explanation will be 
omit'ted, 

in this application example 5, the movable base 130 
is made movable along linear guides 124 to positions S41 to 
S45. 

30 When the movable base 130 is located in the S45 
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position, it is possible for the mounting base 112 on the 
linear guide 120 located on the left side in Fig. 33 to 
„.ove to the right and onto the movable base 130, and for 
the mounting base 112 on the movable base 130 to move to 
5 the left and onto that linear guide 120. Further, when the 
movable base 130 is located in position S45, , it xs 
possible for the mounting base 112 on the linear guide 120 
located on the right side in Fig. 33 to move to the left 
and onto the movable base 130, and for the mounting base 
10 112 on the movable base 130 to move to the right and onto 

that linear guide 120. 

Further, in the state that the movable base 130 is 
located in the S41 to S45 positions, it is possible for the 
mounting base 112 on the linear guide 120 located on the 
15 right, side in Fig. 33 to move to the left and onto the 
movable base 130, and for the mounting base 112 on the 
movable base 130 to move to the right and onto that linear 
guide 120. 

20 ^Application Example 6= 

Fig. 34 shows a front view of another application 
example 6 to which the drive mechanism according to the 
present invention is applied. Fig. 35 shows a side view of 
another application example 6 to which the drive mechanism 
25 according to the present invention is applied, and Fxg. 36 
Shows a top view of another application example 6 to whxch 
the drive mechanism according to the present invention is 
applied. Note that, similar structures and functions as 
before are denoted with the same reference numerals. This 
30 application example 6 is also a three-dimensional 
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= to aBPlioation examples 4, 5. 

conveyance line as suolar to appii ^ „f the 

^ basic structure of the coring mechanism of 
hunting .ase 112 in ^nis application example is si«ll« 
that Of application e:„^le 1. -s explanation w.ll he 
However, in aPP^^-^^- ^ ^ 

.otatahle revolving portion leo is provide o^ "Z 
a lower portion of the — -J 

■A^^ 1^2 and a cam follower row 134 are proviae 
linear guides 132 ana a 

on its front surface and back surface . 

> "e:ct, the conveying ..ve.... ^ «.i» aPP--- 

exahple 6 is explained referring to arrows «1 and 

shovm in Fig. 3* and 35. 

xn .igs. .4 and 35, the -punting hase 112 shown hy 
dotted lines at the lowest portion, namely the counting 
S tase ua on the lower revolving portion 160. «>ve= .n the 
.Iction Shown hy ar«>w P=l (upward direction,, and .oves 
away fro.» the lower revolving portion 160. 

112 which has moved away from the 
The mounting base X12, wnion 

.ower revolving portion 160, further moves in - 
30 Shown hy the arrow PSl (upward direction,, and arrxves 

the upper revolving portion 160. 

^ . 112 reaches the upper 

When the mounting base 112 

.evolving portion 160, the revolving portion 160 revolves 

When the upper revolving portion 160 '^^^^^inl 
w 119 on the upper revolving portion 160 

Zcti:,. 1 moves away fr. upper revolving portion 

no which has moved away from the 
The mounting base 112, which nas 



180° 

25 



160. 

30 
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upper revolving portion 160, further moves in the direction 
Bho«n by arrow P52 (downward direction), and arrives on the 
lower revolving portion 160. 

m,en the mounting base 112 reaches the lower 

ifin the lower revolving portion. 160 
revolving portion 160, -cne xowei. 

revolves 180**. 

^Application Example 7= . , 

Fig. 37 shows a perspective view of another 
application example 7 to which the drive mechanism 
according to the present invention is applied. Note that, 
sl^lar structures and functions as before are denoted wxth 
the same reference numerals. 

This application example 7 is an example of an 
15 elevator system to which the drive mechanism according to 
the present invention is applied. An elevator 170 has a 
rotatable cylindrical cam (not shown), and this cylindrical 
cam subsequently engages each cam follower of the cam 
follower row 126 to make the elevator 170 move upwards and 
20 downwards. According to such elevator system, each elevator 
170 is able to move independently, so that an elevator 
system with a high degree of freedom may be constructed. 

Note that. Fig. 37 shows two of the elevators 170, 
but there may be any number of elevators 170. 
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=Application Example 8= 

Fig. 38 shows a front view of another application 
example 8 to which the drive mechanism according to the 
present invention is applied. »ote that, similar structures 
and functions as before are denoted with the same reference 
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„»erals. This application exa^U 8 is also an elevator 

system, as slinilar to application exai«.le 7. 

T_ ft the elevator 170 has a 

in this application example 8, the exeva 

rotatable cylindrical cam that is not shovm, and this 
cylindrical cam subsequently engages each cam follower xn 

m^v^ the elevator 170 move up, down, 
the cam follower row to make tne exevai. 

left or right. . ^. 

»ext, the conveying operation in this applxcatxon 

..a^ple 8 is explained reterrin, to arrows P61 to P64 shown 
in Fig. 38. 

in Fig. 38, the elevator 170 on the movable base 130, 
Which is positioned at the right upper portion, moves in 
the arrow P63 direction (downward direction, in F.g. 38 
and moves onto the linear guides 120, and stops at each 
floor when necessary. 

«hen the elevator 170 further »>ves in the arrow P63 
direction (downward direction, on the lit.ear guides 120, rt 
reaches the movable base 130 at the right lower portion. 

itter the elevator 170 has reached the movable base 
0 130 at the right lower portion, the movable base 130 at the 
right lower portion moves in the direction of the arrow P64 

. X «nH reaches a position S61 shown by 

(left direction), and reacnes a y 

dotted lines. . . oci 

When the movable base 130 reaches a posrtron S61 

.5 Shown by dotted ^es, the elevator 170 moves in the 

direction of the arrow P61 (upward direction, onto the 

linear guides 120, and stops at each floor when necessary. 

,men the elevator 170 further moves in the directxon 

Of the arrow P61 (upward direction, on the linear guides 

30 120. it reaches the movable base 130 waiting at posrtxon 
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S62 Shown in dotted lines . 

When the elevator 170 reaches the movable base 130, 
the movable base 130 moves from the position S62 shown by 
dotted lines in the direction shown by the arrow- P6 2 (the 
right direction), thus the elevator 170 reaches the right 
upper portion together with the movable base 130. 

Although the invention has been described in its 
preferred embodiments, the following changes and 
modifications are possible therein without departing from 
the spirit and scope of the present invention. 

In the first embodiment, the pair of linear guides 5 
is disposed to support the movable member 3 on one side of 
the cam follower row 11a, but it not limited thereto. The 
pair of linear guides 5 may be disposed on the opposite 
sides, respectively, of the cam follower row 11a as shown 
in the front view of the drive mechanism shown in Fig. 18. 
When the linear guides 5 are disposed as shown in Fig. 18, 
the movable member 3 can be extended over the cam follower 
row 11a, and can more stably be supported by the linear 
guides 5 on both the opposite sides of the cam follower row 
11a. 

The drive mechanism 3 1 may be a gear-drive mechanism 
as shown in the cross sectional view of Fig. 19 instead of 
the wrapping-connector drive mechanism as in this 
embodiment. The gear-drive mechanism includes a pinion 33b 
fixedly mounted concentrically on the output shaft 33a of 
the motor 33, a gear 21b fixedly mounted concentrically on 
the shaft of the cylindrical cam 21 and engaged with the 
pinion 33b. The rotative power of the motor 33 is 
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transmitted through the pinion 33b and the gear 21b to the 
cylindrical cam 21 . to drive the cylindrical cam 21 for 
rotation. 

The output shaft of the motor may directly be 
5 connected to the shaft of the cylindrical cam by a suitable 

coupling means. 

Although the drive mechanisms, in the first and the 
second embodiment are provided with the single cam follower 
row and two cam follower rows, respectively, the drive 
0 mechanism according to the present invention may be 
provided with cam followers arranged in three or more cam 

follower rows. 

Although the drive mechanism in the third embodiment 
is provided with cam followers arranged in the two cam 
L5 follower rows, the drive mechanism may be provided with cam 
followers arranged in three or more parallel cam follower 
rows . 

Although the cylindrical cam included in each of the 
drive mechanisms in the foregoing embodiments is provided 
0 with the cam groove, the cylindrical cam may be provided 
with a helical cam ridge instead of the helical cam groove. 

The bases mentioned in the description of the 
preferred embodiments are fixedly installed on the floor. 
The bases may either be directly or indirectly fixed to the 
25 floor. For example, the base may be fixed to a wall set up 
on the floor, and the wall may be either upright or oblique. 

The axis of rotation of the cylindrical cam, and the 
cam follower row are extended in the direction of the 
directions of linear movement in this embodiment. The 
30 concept of extension of the axis of rotation and the cam 
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follower row in in the direction of the directions of 
linear movement includes the extension of the same at a 
slight angle to the directions of linear movement. 

As apparent from the foregoing description, according 
to the present invention , the drive mechanism is capable of 
-readily changing the stroke of the movable member, of 
maintaining substantially fixed rigidity regardless of the 
stroke, of facilitating maintenance work and of operating 
quietly, and satisfactory in durability* The drive 
mechanism included in the movable table unit is capable of 
restraining the free axial motion of the movable member due 
to backlashes and of positioning the movable member with a 
high degree of positioning accuracy. 

Although the invention has been described in its 

preferred emboddLments with a certain degree of 

particularity, obviously many changes and variations are 

possible therein. It is therefore to be understood that the 

present invention may be practiced otherwise than as 

specifically described herein without departing from the 
scope and spirit thereof. 



